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Abstract
Early-Middle Permian radiolarians were detected from a bedded chert sequence of the Migong
section in the Qinzhou area, South China. On the basis of the characteristic albaillellarians, the
radiolarian biostratigraphy of Lower and Middle Permian was studied.
Seven radiolarian interval zones were set up, namely the Pseudoalbaillella u-forma m. I Zone, the
Pseudoalbaillella u-forma m. II Zone, the Pseudoalbaillella lomentaria Zone, the Pseudoalbaillella
rhombothoracata Zone, the Albaillella sinuata Zone, the Pseudoalbaillella longtanensis Zone and the
Pseudoalbaillella sp. C Zone, in ascending order. These zones are correlated to the Japanese
radiolarian zones by characteristic albaillellarians.
Nineteen species of Albaillellaria were recognized and their individual numbers were counted.
The relative frequency of three species (Pseudoalbaillella scalprata, Pseudoalbaillella postscalprata
and Albaillella sinuata) showed the characteristic pattern in their stratigraphic distribution. This
change in relative frequency of these species is considered to represent prosperity and decline of each
species. It is indicated that their prosperity period occurred an early stage in their ranges.
Key-words: Permian, Albaillellaria, biostratigraphy, South China
Introduction
The occurrence of Permian radiolarians has been
reported from the Qinzhou area, Guangxi Zhuang
Autonomous Region, South China since the 1990's (e.g.
Wang, 1991; Feng, 1992). The Permian radiolarian
biostratigraphy has been examined in the bedded chert
sequence of the Qinzhou area (Wu et aI., 1994; Wang et
al., 1994; Wang et al., 1998; Sun et aI., 2002). Wang et al.
(1994) recognized 11 radiolarian assemblage zones among
others. Though most of these biozones were correlated to
the Japanese radiolarian zones, they were further
subdivided and a new biozone was defined (the Albaillella
xiaodongensis Assemblage Zone).
In Japan, Permian radiolarian research has been
carried out since the 1980' s. Ishiga and Imoto (1980) first
described new albaillellarian species and discussed the
stratigraphic relationship between the Pseudoalbaillella
assemblage and the Follicucullus assemblage in the Tamba
Terrane, Southwest Japan. Ishiga et al. (1982) established
9 radiolarian assemblage zones on the basis of three
sections of bedded chert sequence in the Tamba Terrane.
He redefined thirteen radiolarian assemblage zones in the
Upper Carboniferous and Permian (lshiga, 1986) and later
compiled the relationships among radiolarian, fusulinacean
and conodont biozones (lshiga, 1990). Subsequently,
Kuwahara et al. (1998) revised the Upper Permian
radiolarian biostratigraphy.
Several paleontological studies of Late Permian
radiolarians have been carried out since 1992 in Japan.
Kuwahara and Sakamato (1992) first introduced biometrics
of albaillellarian shells to distinguish Albaillella at species
level in the bedded chert of the Mino Terrane. Kuwahara
(1997a, b; 1999) demonstrated the changes in relative
frequency and morphological characters of Albaillella and
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Fig. ] Index map of the study area in Guangxi, China.
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This study area is situated in the Qinfang Terrane of
the southern part of Guangxi Zhuang Autonomous Region,
South China (Fig. 1). The Qinfang Terrane is a mobile
terrane between the Yangzi Block and the Cathaysia Block
(Yao et a\., 2004). This terrane is characterized by the
sedimentary rocks formed in the Qinfang Trough during
Middle Paleozoic to Early Mesozoic age. The Qinfang
Terrane is located in a SW-NE direction. The northern
limit of the terrane is a fault contact with the Jiangnan
Terrane that is situated in the southern margin of the
Yangzi Block. The southern limit of the terrane is a fault
contact with the Yunkai Terrane that is situated in the
later reconstructed the phylogenetic lineage of Albaillella.
Subsequently, Kuwahara and Yao (2001) examined the
faunal change of Late Permian radiolarians in the bedded
chert section of the Mino Terrane.
On the other hand, there were only a few paleontological
studies of radiolarians in the Lower-Middle Permian.
Ishiga (1983) distinguished three morphotypes
(Pseudoalbaillella sealprata Holdsworth and Jones,
Pseudoalbaillella postsealprata Ishiga and Pseudoalbaillella
rhombothoracata Ishiga and Imoto) on the basis of their
morphological characters and stratigraphic distribution in
the bedded chert of the Tamba Terrane. He proposed that
there is a lineage from Pseudoalbaillella sealprata,
Pseudoalbaillella postsealprata then to Pseudoalbaillella
rhombothoraeata. Yamanaka (2001) measured the shell
size of Pseudoalbaillella rhombothoraeata and
Pseudoalbaillella sakmarensis (Kozur) from the bedded
chert of the Tamba Terrane, and suggested that their
morphological changes were reflected by an environmental
change. Not enough attention has been paid to the
paleontological research of Early-Middle Permian
radiolarians in the world. Moreover, Permian chert
sequence is rare in Japan, because bedded cherts are
included as a block respectively in Jurassic accretionary
complexes. However, the Lower-Middle Permian chert
sequence is exposed in the Migong section, Qinzhou area,
South China (Yao et aI., 2004).
On the basis of the Early-Middle Permian radiolarian
biostratigraphy from the Migong section, life history of
characteristic albaillellarians is documented and discussed
in this paper.
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Fig. 2 Geological sketch map of the Southern part of Guangxi, South China (Yao et a1., 2004).
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northern margin of the Cathaysia Block.
The Qinfang Terrane is divided into three parts. The
southern and central parts of the terrane are composed of
clastic rocks formed during Silurian to Devonian time. The
northern part of the terrane is characterized by the piles of
tectonic slices composed of bedded chert and clastics. Each
slice dips to the north. These chert-clastic sequences were
studied in some sections and given an estimated age of
Devonian to Permian based on the radiolarians from these
bedded cherts (e.g. Wu et al., 1994; Wang et aI., 1994).
Study section
The Migong section is situated in the northern part of
the Qinfang Terrane (Fig. 2). This section was
preliminarily examined by Yao et ai. (2004). The Migong
section consists, in ascending order, of tuff beds, bedded
cherts, alternating beds of sandstone and mudstone, and
conglomerates. These rocks form the chert-clastic
sequence. The bedded cherts have a thickness of about 60
m, strike northeastward, dip vertically, and consist of
alternating beds of chert and claystone. The thickness of
each chert bed is 2-5 em, and each claystone bed is less
than 1 mm. Rock samples were collected from 36 horizons
of the bedded cherts.
Biostratigraphy
Methods
The rock samples were treated in 5% hydrofluoric
acid for about 24 hours at room temperature. The residue
of each sample was sieved using 35 and 200 meshes,
washed and then dried. Radiolarian specimens were
picked up under a binocular microscope in 40x
magnification and mounted on the slide of a scanning
electron microscope to observe and to take photographs.
Zonation
The Permian bedded chert sequence of the Migong
section was subdivided into 7 radiolarian interval zones
(Fig. 3). The boundaries of these zones are defined by the
first occurrence biohorizon of characteristic albaillellarians.
The radiolarian zones are described as follows in ascending
order, and the geologic age of these radiolarian zones is
mentioned in the section under discussion.
1. PseudoaLbaillella u-forma m. I Zone
The base of this zone is not defined. The top is defined
by the first occurrence biohorizon of PseudoaLbaiLLeLLa u-
forma m. II. PseudoaLbailleLLa bulbosa Ishiga (PI. 1, Figs.
1-2) and PseudoaLbaiLLeLLa sp. A (PI. 1, Figs. 3-4),
PseudoaLbaiLLeLLa u-forma ffi. I Holdsworth and Jones (PI.
1, Figs. 8-9), PseudoalbaiLLeLLa ehilensis Ling and Forsythe
(PI. 1, Fig. 5) and PseudoalbaiLLella eLegans Ishiga and
Imoto (PI. 1, Figs. 6-7) occur in this zone. This zone is
recognized in the interval from Sample RI746 to the
horizon just under Sample RI745.
2. PseudoaLbaiLLeLLa u-forma m. II Zone
This zone is the interval zone from the first occurrence
biohorizon of PseudoaLbaiLLeLLa u-forma m. II to the first
occurrence biohorizon of PseudoaLbaiLleLLa lomentaria.
PseudoaLbailLeLLa u-forma m. II Holdsworth and Jones (PI.
1, Figs. 10-11), PseudoalbaiLLeLLa u-forma m. I,
PseudoalbailLeLLa ehilensis and PseudoaLbaiLLeLLa eLegans
occur in this zone. This zone is recognized in the interval
from Sample RI745 to the horizon just under Sample
RI743.
3. PseudoalbailLeLLa lomentaria Zone
This zone is the interval zone from the fIrst occurrence
biohorizon of PseudoaLbaiLlella lomentaria to the first
occurrence biohorizon of PseudoalbaiLleLLa rhombothoraeata.
PseudoaLbaiLLeLLa lomentaria Ishiga and !moto (PI. 1, Figs.
12-13), PseudoaLbaiLLeLLa sp. aff. P. lomentaria Ishiga and
Imoto, PseudoaLbaiLLeLLa sakmarensis (Kozur) (PI. 1, Figs.
14-15) and PseudoaLbailLeLLa seaLprata (PI. 1, Figs. 16-18)
occur in this zone. This zone is recognized in the interval
from Sample RI743 to the horizon just under Sample
RI742.
4. PseudoalbaiLLeLLa rhombothoraeata Zone
This zone is the interval zone from the fIrst occurrence
biohorizon of PseudoalbaiLLella rhombothoraeata to the
first occurrence biohorizon of ALbaillella sinuata.
PseudoalbailLelLa rhombothoraeata (PI. 1, Figs. 22-23),
PseudoaLbaiLLelLa sp. aff. P. Lomentaria, PseudoalbaiLLeLLa
sakmarensis, PseudoalbaiLLeLLa sealprata, PseudoalbaiLLeLLa
pos/seaLprata (PI. 1, Figs. 20-21) and ALbaillella
xiaodongensis Wang (PI. 2, Figs. 2-3) occur in this zone.
PseudoalbailLeLLa Lomentaria, PseudoaLbaiLLeLLa sp. aff. P.
sakmarensis (Kozur) and PseudoalbaiLLeLla sp. d. P. ornata
Ishiga and Imoto (PI. 1, Fig. 24) occur in the lower part of
this zone. PseudoalbailLeLLa ornata Ishiga and !moto (PI. 1,
Fig. 19) occurs in the middle part, and PseudoalbaiLLella sp.
B (PI. 2, Figs. 4-5) occurs in the upper part of this zone.
This zone is recognized in the interval from Sample R1742
to the horizon just under Sample R1731.
5. ALbaillella sinuata Zone
This zone is the interval zone from the first occurrence
biohorizon of Albaillella sinuata to the first occurrence
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Fig. 3 Columnar section showing the hOlizons of radiolarian occurrence and radiolarian
zones in the Migong section.
biohorizon of Pseudoalbaillella longtanensis. Albaillella
sinuata Ishiga and Watase (PI. 2, Fig. 1), Pseudoalbaillella
sca lp rata, Pse udoalbaille lla pos tscalp rata,
Pseudoalbaillella rhombothoracata, Pseudoalbaillella sp.
B and Albaillella xiaodongensis occur in this zone. This
zone is recognized in the interval from Sample R1731 to the
horizon just under Sample R1728.
6. Pseudoalbaillella lonf{tanensis Zone
This zone is the interval zone from the first occurrence
biohorizon of Pseudoalbaillella longtanensis to the first
occurrence biohorizon of Pseudoalbaillella sp. C.
Pseudoalbaillella longtanensis Sheng and Wang (PI. 2,
Figs. 7-10), Pseudoalbaillella sp. aff. P. longtanensis Sheng
and Wang (PI. 2, Figs. 11-12), Pseudoalbaillella scalprata,
Pseudoalbaillella postscalprata, Pseudoalbaillella
rhombothoracata, Pseudoalbaillella banchengensis Xian
and Zhang (PI. 2, Figs 13-14), Albaillella xiaodongensis
and Albaillella sinuata occur in this zone. This zone is
recognized in the interval from Sample R1728 to the
horizon just under Sample R1719.
7. Pseudoalbaillella sp. C Zone
The base of this zone is defined by the first
occurrence biohorizon of Pseudoalbaillella sp. C, and the
top is not defined. Pseudoalbaillella sp. C (PI. 2, Figs. 15-
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Fig. 5 The relative frequency of albaillellarians, spherical
radiolarians andlatentifistularians.
albillellarian species per the total number of Albaillellaria
(the relative frequency of albaillellarian species) were
calculated.
Characteristics of radiolarian fauna
The radiolarian faunas from the Migong section are
composed of albaillel1arians, spherical radiolarians and
latentifistularians (Fig. 5). The radiolarian abundance was
less than 3000 specimens /g at each of the sample horizons,
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Stratigraphic abundance change of radiolarians
Methods
The stratigraphic abundance change of radiolarians
was examined at IS horizons of the Migong section. The
rock samples were treated in 5% hydrofluoric acid for
about 24 hours at room temperature. The residue of each
sample was sieved using 35 and 200 meshes, washed and
then dried. Dried rock samples were weighed before and
after each treatment. Each of dried residues was weighed.
The residues were mounted on a glass slide, added Entellan
new, and covered with a cover-glass. In the case of a large
amount of residue, it was divided into two splits in order to
count the radiolarian specimens easily in some samples.
Radiolarian specimens were observed under a
transmitted light microscope in 100x magnification. They
were divided into three groups, namely spherical
radiolarians, latentifistularians and albaillellarians.
Albaillellarians were identified at a specific level. All
specimens except broken specimens that had under 2/3 of
shell remaining were counted. The number of individuals
of Radiolaria, Albaillellaria, Spherical radiolaria and
Latentifistularia per one gram of rock sample (the
abundance of them) and the number of individuals of
16), Pseudoalbaillella scalprata, Pseudoalbaillella
postscalprata, Pseudoalbaillella rhombothoracata,
Albaillella xiaodongensis, Albaillella sinuata and
Pseudoalbaillella sp. D (PI. 2, Figs. 17-18) occur in this
zone. This zone is recognized in the interval between
Sample Rl719 and Sample R1711.
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Fig.6 The relative frequency of albailiellarian species.
Fig. 7 Measured features of P. sea/prata, P.
postsea/prata and P. rhombothoraeara.
counted (Table 1, Fig. 6): Pseudoalbaillella (17 species) and
Albaillella (2 species). Pseudoalbaillella scalprata
dominated in the lower pru1 (R1741 to Rl73l) of this section
and Albaillella sinuata dominated in the mjddle part (R 1728
to Rl7 I 9). Three species, namely Pseudoalbaillella
scalpra/a, Pseudoalbaillella postscalprata and Albaillella
sinuata showed the characteristic pattern in their
stratigraphic distribution: i.e., after their first appearence,
they rapidly increase in their relative frequency, and reached
maximum abundance, and then gradually decreased.
PseudoaLbaillella scalpra/a first occurred at R1743 and
rapidly increased to 68% at R1740, then decreased to about
TH
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wI> AW
and below 1000 specimens /g at most horizons. The
abundance of Albaillellaria ranged between l2 specimens
/g and 697 specimens /g through the stratigraphic
sequence. The abundance of spherical radiolarians ranged
between 200 specimens/g and 2301 specimens/g. The
abundance of Latentifistularia ranged between 3
specimens/g and 40 specimens/g.
Spherical radiolarians exceeded 90% of the total
radiolarian fauna in most of the sample horizons. None of
the species of spherical radiolarians were identified,
because those specimens were not well preserved.
Latentifistularia occurred rarely (less than 5%) showing a
trend of decreasing upward. The mean percentage of
Albaillellaria was about 9% through the section, though it
showed more than 20% in 4 horizons (R1743, R 1740,
Rl728 and Rl719).
Two genera, Pseudoalbaillella Holdsworth and Jones
and Albaillella Deflandre of Albaillellaria, were
recognized. The percentage of each genus in the total
number of Albaillellaria changed through this sequence.
Pseudoalbaillella was abundant (more than 90%) in the
lower part of this sequence (R 1744 to R 1731). Albaillella
represented 50-80% in the middle part (R 1728 to RJ719).
Then, Pseudoalbaillella exceeded 50% again in the upper
part (Rl713, Rl711).
Relative frequency of Albaillellaria
A total 19 species of Albaillellaria were recognized and
Table I The weight of rock samples and radiolarian occurrence from the Migong section. The number in parenthesis shows the observed weight.
R1744 R1743 R1741 R1740 R1737 R1734 R1731 Rl728 Rl724 Rl721 Rl720 R1719 R1716 R1713 R1711
dried rock I before treatment 108.2 70.1 112.5 107.5 128.8 83.3 120.5 132.5 106.8 177.5 128.4 105.52 124.0 90.2 94.9
weight (g) I after treatment 105.4 67.4 109.2 104.4 123.6 79.9 116.9 128.1 101.8 173.6 122.2 101.04 119.0 86.6 91.2
dissolved rock weight (g) 2.8 2.6 3.3 3.1 5.2 3.4 3.6 4.4(1.4) 5.0 3.9 6.2 4.5(17) 5.0(21) 3.6 3.7
dried residue weight (g) 0.06 0.03 0.01 0.03 0.04 0.03 0.03 .06(0.02) 0.05 0.04 0.05 .08(0.03) .07(0.03) 0.02 0.04
Albaillellaria
Pseudoalbaillella u~forma ill. I 26
Pseudoalbaillella u-forma ill. II 24
Pseudoalbaillella eleRans 14
Pseudoalbaillella chilensis 5
Pseudoalbaillella lomenraria 11 2
Pseudoalbaillella sp. aff. P. lomentaria 25 11 8
Pseudoalbaillella sakmarensis 47 10 25 16
Pseudoalbaillella scalprata 33 47 652 32 64 30 2 6 13 5 1
Pseudoalbaillella sp. afT. P. sakmarensis 6
Pseudoalbaillella sp. cf. P. ornata 8
Pseudoalbaillella postscalprata 29 19 31 35 6 5 2 20 71 2 2
Pseudoalbaillella rhombothoracata 4 4 3 1 12
Pseudoalbaillella ornata 22 5
Pseudoalbaillella sp. B 8 10 69
Pseudoalbaillella longtanensis 142 3 22 9
Pseudoalbaillella sp. aff. P. lonKtanensis 26 10 51
Pseudoalbaillella sp. C 10 3
Pseudoalbaillella spp. 60 133 73 242 69 130 126 34 5 7 46 404 47 84 39
Albaillella xiaodongensis 1 10 13 1 16 11 1 18 6
Albaillella sinuata 18 208 40 24 170 306 18 15 7
Albaillella spp. 1 30 24 4 13 49 19 7 2
Albaillellaria gen. et sp. indet. 76 10 4 56 240 28 10 2
total 129 249 147 961 146 266 224 532 112 48 408 1186 116 137 58
Latentifistularia
Latentifistulidae 27 58 42 46 95 70 97 19 145 141 60 20 18 13 3
Ruzhencevispongidae 36 52 40 37 59 35 26 31 28 16 48 27 11 9 7
total 63 110 80 83 154 105 123 50 173 157 108 47 29 22 10
Spherical radioralians 6442 521 1386 2451 2816 2268 4940 2021 4470 5608 5790 3854 3377 3371 3038
Total 6634 880 1615 3495 3118 2639 5287 2603 4755 5813 6306 5087 3522 3530 3106
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22% at R1737. Above R1731 it gradually decreased.
Pseudoalbaillella postscalprata fIrst occurred at R1742 and
increased to more than 10% between R1737 and R1731.
This species decreased to 1% at Rl728, however it increased
to about 5% between Rl724 and R1719, then decreased
again. Albaillella sinuata first occurred at R 1731 and
rapidly increased to 40% at RI728, then gradually decreased
from 26% at R1719 to 12% at R1711.
Discussion
Correlation of radiolarian zones
Seven radiolarian interval zones were set up in the
Migong section. These zones are correlatable with the
South China radiolarian zones by Wang et a1. (1994) and
the Japanese radiolarian zones by Ishiga (1986, 1990) (Fig.
4), because there are many similarities between the
assemblage of the Migong section and the assemblage
from South China and Japan.
The Pseudoalbaillella u-forma m. I Interval Zone of
the Migong section is correlated to the Pseudoalbaillella
bulbosa Assemblage Zone (Wang et aI., 1994) in South
China, and to the Pseudoalbaillella u-forma m. I
Assemblage Zone (lshiga, 1986, 1990) in Southwest
Japan. These assemblage zones are characterized by
Pseudoalbaillella bulbosa and Pseudoalbaillella u-forma
m. I. These two species occurred in our Pseudoalbaillella
u-forma m. I Zone. Ishiga's zonation has the
Pseudoalbaillella bulbosa Assemblage Zone
characterized by Pseudoalbaillella bulbosa and
Pseudoalbaillella annulata Ishiga. We do not correlate
the Pseudoalbaillella u-forma m. I Interval Zone with
the Pseudoalbaillella bulbosa Assemblage Zone (Ishiga,
1986, 1990), because Pseudoalbaillella annulata did not
occur in our sequence.
The Pseudoalbaillella rhombothoracata Interval Zone
of this study is correlated to the Pseudoalbaillella
rhombothoracata Assemblage Zone and the Albaillella
xiaodongensis Assemblage Zone in South China and to the
Pseudoalbaillella rhombothoracata Assemblage Zone in
Japan. Albaillella xiaodongensis which is the diagnostic
species of the Albaillella xiaodongensis Assemblage Zone
(Wang et aI., 1994) occurred in our Pseudoalbaillella
rhombothoracata Zone. We did not set up the Albaillella
xiaodongensis Zone, because the first occurrence of
Albaillella xiaodongensis coincided with that of
Pseudoalbaillella rhombothoracata in our section. Wang
et a1. (1994) correlated the Albaillella xiaodongensis
Assemblage Zone with the lower part of the Albaillella
sinuata Range Zone of Ishiga (1986, 1990). However, the
base of the Albaillella sinuata Assemblage Zone (Wang et
aI., 1994) and the base of the Albaillella sinuata Range
Zone (lshiga, 1986, 1990) are defined by the first
occurrence biohorizon of Albaillella sinuata. It is
considered that the Albaillella xiaodongensis Assemblage
Zone (Wang et aI., 1994) corresponds to the upper part of
the Pseudoalbaillella rhombothoracata Assemblage Zone
(Ishiga, 1986, 1990).
The Pseudoalbaillella sp. C Interval Zone is
correlated to the Pseudoalbaillella globosa Range Zone in
South China and to the Pseudoalbaillella globosa
Assemblage Zone in Southwest Japan, because this zone is
set up above the Pseudoalbaillella longtanensis Zone in
the Migong section. However, Pseudoalbaillella globosa
Ishiga and Imoto and Pseudoalbaillella fusiformis
(Holdsworth and Jones) which are characteristic species of
the Pseudoalbaillella globosa Zone (Wang et al.,1994;
Ishiga, 1986, 1990) did not occur in our sequence.
Geologic age of radiolarian zones
Ishiga (1990) correlated the Permian radiolarian zones
with the Permian fusulinacean zones in Southwest Japan.
Based on that result and radiolarian occurrence from
China, Yao and Kuwahara (2004) connected the Permian
radiolarian zonation with the radiometric time scale of
Wardlaw et a1. (2004). In the studied section, six zones
from the Pseudoalbaillella u-forma m. I Zone to the
Pseudoalbaillella longtanensis Zone are assigned to Early
Permian age, and the Pseudoalbaillella sp. C Zone is
assigned to early Middle Permian age (Fig. 4).
The sedimentation rate is calculated between the base
of the Pseudoalbaillella rhombothoracata Zone and the
top of the Pseudoalbaillella longtanensis Zone, because
the base of the Pseudoalbaillella lomentaria Zone and the
top of the Pseudoalbaillella longtanensis Zone are
uncertain. The total time interval of the bedded cherts
among these three zones is estimated to be 14 m.y. Based
on this time interval and 44m thickness of the stratigraphic
interval, the average sedimentation rate is calculated at
about 3.1 mm / 1000 years.
In Southwest Japan, Lower Permian radiolarian
zonation has been examined within the bedded cherts in the
Tamba Terrane and the Chichibu Terrane (Ishiga and
Imoto, 1980; Ishiga et aI., 1984; Sashida, 1995).
According to their reports, the sedimentation rates are
calculated at 0.7-1.3 mm /1000 years.
The average sedimentation rate of the Migong section
is twice or three times as rapid as that of Southwest Japan.
It may be suggested that the chert of this section contains
nonbiogenic materials except radiolarians and sponge
spicules. It may be considered that these nonbiogenic
materials originated from volcanic ash from the massif
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around the Qinfang trough, because a thick tuff bed is
inserted in lower part of bedded chert sequence of the
Migong section.
Range of albaillellarian species
According to the biostratigraphy, the range of three
species namely, Pseudoalbaillella scalprata,
Pseudoalbaillella postscalprata and Albaillella sinuata, is
estimated to be more than 10 m.y. Pseudoalbaillella
scalprata has a long stratigraphic range (about 20 m.y.),
extending from the Pseudoalbaillella lomentaria Zone to
the Pseudoalbaillella sp. C Zone. Ishiga (1986) reported
that the range of Pseudoalbaillella scalprata was from the
upper part of the Pseudoalbaillella lomentaria Zone to the
lower part of the Pseudoalbaillella rhombothoracata Zone.
Sashida (1995) and Hori (2004) said that Pseudoalbaillella
scalprata occurred with Pseudoalbaillella u-forma. Sheng
and Wang (1985) and Feng (1992) said that
Pseudoalbaillella scalprata occurred with
Pseudoalbaillella longtanensis and Pseudoalbaillella
fusiformis. The range of Pseudoalbaillella postscalprata is
about 17 m.y. Albaillella sinuata also has a long range
(about 13 m.y.). According to Ishiga (1986), Albaillella
sinuata did not occur with Pseudoalbaillella longtanensis
and Pseudoalbaillella globosa. Xian and Zhang (1998)
reported that Albaillella sinuata occurred with
Pseudoalbaillella longtanensis and Pseudoalbaillella
fusiformis. Albaillella sinuata occurred sporadically in the
Upper Permian (Kuwahara, 1997a).
On other hand, the range of each species of Late
Permian Albaillella was about 2 m.y. (Kuwahara, 1997a).
Two species of Follicucullus and one species of
Neoalbaillella ranged about several million years at the
longest.
The ranges of three species from the Migong section
are longer than reported in the previous work. There are
three possibilities to explain this interval change. One
possibility is regional difference, second is a longer range
than Late Permian radiolarians and third is fossil
reworking. However, this problem is unclear in this
study.
Life history of albaillellarian species
The relative frequency of three albaillellarian species
(Pseudoalbaillella scalprata, Pseudoalbaillella
postscalprata and Albaillella sinuata) showed respectively
the characteristic pattern of their stratigraphic abundance
change in the Migong section: i.e., after their first
appearance, they rapidly increase in their relative
frequency, and reached maximum abundance, and then
gradually decreased. These species have one maximum
abundance in their stratigraphic range. The higher
frequency of each species is interpreted as its evolutionary
acme. It is considered that the change in frequency of
three species represents prosperity and decline of each
species. It is indicated that the prosperity period occurs in
the early stage of their range. Some species of Late
Permian Albaillella represent a similar pattern in relative
frequency (Kuwahara, 1997b). Those species are dominant
in Late Permian Albaillellaria. Pseudoalbaillella scalprata
and Albaillella sinuata from the Migong section dominated
in Early Permian Albaillellaria. It is considered that this
pattern is a universal pattern in dominant radiolarians.
Phylogenie relationship of Early Permian radiolarians
Ishiga (1983) proposed the lineage from
Pseudoalbaillella scalprata, Pseudoalbaillella
postscalprata then to Pseudoalbaillella rhombothoracata
by difference in their morphological features and
stratigraphic distribution. These three species have an
apical cone without constriction, a pseudothorax with two
wings, and a pseudoabdomen without segmentation and
without ornamentation. Pseudoalbaillella scalprata has a
triangular pseudothorax, a short pseudoabdomen and small
wing-pits. Pseudoalbaillella postscalprata has nearly
rhombohedral pseudothorax, a medium height of
pseudoabdomen and large wing-pits. Pseudoalbaillella
rhombothoracata has a rhombohedoral pseudothorax, a
long and cylindrical pseudoabdomen and large wing-pits.
The evolutionary trends of these species were detected in
the change of the shape of pseudothorax, the extension of
the height of pseudoabdomen and the enlargement of wing-
pits.
The first occurrence and the prosperity period of
Pseudoalbaillella postscalprata were later than that of
Pseudoalbaillella scalprata in this section. It is considered
that Pseudoalbaillella scalp rata is an ancestor of
Pseudoalbaillella postscalprata. The time of derivation
seems to be before the acme of Pseudoalbaillella scalprata.
However, the first occurrence of Pseudoalbaillella
postscalprata and the flIst occurrence of Pseudoalbaillella
rhombothoracata were the same horizon in this sequence.
This problem needs more examination.
The ancestor of Pseudoalbaillella scalprata is not
clear. Ishiga (1983) proposed that Pseudoalbaillella
simplex is supposed to be the ancestral species of
Pseudoalbaillella scalprata. However, Pseudoalbaillella
simplex is difficult to define as a species, because it is
possible that Pseudoalbaillella simplex is made up of
various species of other Pseudoalbaillella (ex.
Pseudoalbaillella u-forma, Pseudoalbaillella bulbosa,
Pseudoalbaillella elegans and Pseudoalbaillella chilensis).
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Systematic paleontology
Subclass RADIOLARIA Muller 1858
Superorder POLYCYSTINA Ehrenberg 1838, emend.
Riedel 1967
Order ALBAILLELLARIA Deflandre 1953
Family Follicucullidae Ormiston and Babcock 1979
Genus Pseudoalbaillella Holdsworth and Jones 1980
Type species: Pseudoalbaillella scalprata Holdsworth and
Jones, 1980, p.284, figs. A, B.
Pseudoalbaillella scalprata Holdsworth and Jones
(Plate 1, Figs. 16-18 )
1980. Pseudoalbaillella scalprata Holdsworth and Jones,
p.284, figs. A, B.
1980. Pseudoalbaillella sp. d. P. scalprata, Ishiga and
Imoto, pI. 2, figs. 4-8.
1982. Pseudoalbaillella scalprata, Ishiga et al., pI. I, figs.
11-12.
1982. Pseudoalbaillella sp. aff. P. scalprata, Ishiga et aI.,
pI. 1, fig. 7.
1983. Pseudoalbaillella scalprata m. scalprata, Ishiga, pI.
1, figs. 1-4,8-10,14-18.
1993. Pseudoalbaillella sp. aff. P. scalprata, Miyamoto
and Tanimoto, pI. 2, figs. 13-15.
1994. Pseudoalbaillella scalprata m. scalprata, Wang et
aI., pI. 1, fig. 22.
1994. Pseudoalbaillella scalprata m. scalprata, Wu et al.,
pI. 2, fig. 11.
1995. Pseudoalbaillella scalprata, Sashida, figs. 5-16,17.
1997. Pseudoalbaillella scalprata m. scalprata, Miyamoto
et al., pI. I, figs. 1-3.
1997. Pseudoalbaillella sp. aff. P. scalprata, Miyamoto et
aI., pI. 2, figs. 1-3.
2001. Pseudoalbaillella scalprata, Yamanaka, pl.l, figs. 4,
5.
2004. Pseudoalbaillella scalprata m. scalprata, Yao et al.,
pl.l, figs. 12-13, p1.2, figs. 4-5.
2004. Pseudoalbaillella scalprata m. scalprata, Hon, fig.
1-4, fig. 2-1.
Remarks: This species is characterized by having a
triangular pseudothorax and a short pseudoabdomen. The
ratio of the height of wing-pit to pseudoabdomen is a range
of 1/25 to 1/5. The ratio of the height of pseudoabdomen to
the sum of pseudoabdomen and pseudothorax is a range of
1110 to 1/4.
Measurements: Based on 58 specimens from R1740 and
RI738. See Table 2.
Occurrence: This species abundantly occurred from
R 1740 in the Migong Section. This species commonly
Table 2 The number (n) of specimens, maximum (Max),
minimum (Min) mean and standard deviation (S.D.)
of P. scalprafa from R 1740 and R 1738.
RI740 R1738
n Max Min Mean S.D. n Max Min Mean S.D.
TH 30 195.0 128.0 159.3 18.7 25 168.8 98.9 131.9 16.9
TW 30 203.7 142.6 177.6 15.1 25 171.7 119.3 139.3 13.0
AH 28 52.3 14.6 31.4 10.2 26 52.4 11.6 25.6 10.2
AW 30 151.3 78.6 112.2 24.6 28 93.1 58.2 70.6 11.6
WP 24 23.3 5.8 12.2 6.2 26 29.1 2.9 12.3 6.5
occurred from the Pseudoalbaillella rhombothoracata
Zone and rarely occurred from the Albaillella sinuata Zone
to the Pseudoalbaillella sp. C Zone.
Pseudoalbaillella postscalprata Ishiga
(Plate 1, Figs. 20-21)
1980. Pseudoalbaillella rhombothoracata, Ishiga and
lmoto, pI. 3, fig. 12.
1982. Pseudoalbaillella sp. F, Ishiga et aI., pI. I, fig. 13.
1983. Pseudoalbaillella scalprata m. postscalprata, Ishiga,
pI. 2, figs. 1-16.
1983. Pseudoalbaillella scalprata m. scalprata, Ishiga, pI.
I, figs. 5-7,13.
2001. Pseudoalbaillella rhombothoracata, Yamanaka, pI.
1, figs.ll-13.
2004. Pseudoalbaillella scalprata m. postscalprata, Hon,
figs. 1-5, 6.
Holotype: Ishiga, 1983, pI. 2, fig. 1
Material: More than 80 specimens from the Migong
section, South China. The holotype of this species is the
specimen (KUE PR 39-86 of Ishiga, 1983) from Fujioka-
oku, Sasayama City, Hyogo Prefecture, Japan.
Redefinition: Pseudoalbaillella scalprata m.
postscalprata Ishiga is redefined as Pseudoalbaillella
postscalprata Ishiga.
Description: Apical cone curves slightly to the ventral
side, and has no segment. Pseudothorax is nearly
rhombohedral in outline with 2 wings. The ratio of the
height of wing-pit to pseudoabdomen is a range of 1110 to
1/4. The constriction between pseudothorax and
pseudoabdomen is weak. Pseudoabdomen is quadrilateral
in outline and has no segment. The ratio of the height of
pseudoabdomen to the sum of pseudoabdomen and
pseudothorax is a range of 3/20 to 9/20. Apertural margin
has 2 flaps.
Remarks: This species is different from Pseudoalbaillella
scalprata in having a nearly rhombohedral pseudothorax.
This species is different from Pseudoalbaillella
rhombothoracata in having a shorter pseudoabdomen and
a weak constriction between pseudothorax and
pseudoabdomen.
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Table 3 The number of specimens. maximum, minimum,
mean and standard deviation of P. postscalprata
from R1740 and R1738.
RI740 RI738
n Max Min M'can S.D. n Max Min Mean S.D.
TH 37 J45.5 81.5 112.6 15.7 51 1571 78.6 114.7 19.0
TW 37 168.8 104.8 130.0 16.3 51 177.5 61.1 130.1 21.6
AH 35 93.1 17.5 57.0 18.3 51 96.3 18.6 55.0 18.1
AW 37 98.9 52.4 78.7 10.8 51 98.9 46.6 71.4 11.4
WI' 37 64.0 14.6 36.4 10.4 51 52.4 5.8 26.4 10.7
Measurements: Based on 88 specimens from R1740 and
R1738. See Table 3.
Occurrence: This species commonly occurred from the
Pseudoalbaillella rhombothoracata Zone and rarely
occurred from the Albaillella sinuata Zone to the
Pseudoalbaillella sp. C Zone.
Pseudoalbaillella rhombothoracata Ishiga and Imoto
(Plate 1, Figs. 22-23)
1980. Pseudoalbaillella rhombothoracata Ishiga and
Imoto, pI. 3, figs. 9-11.
1982. Pseudoalbaillella rhombothoracata, Ishiga et al., pI.
1, fig. 14.
1983. Pseudoalbaillella scalprata m. rhombothoracata,
Tshiga, pI. 3, figs. 1-12
1994. Pseudoalbaillella scalprata m. rhombothoracata,
Wangetal.,pl. 1, figs. 14,15;
1994. Pseudoalbaillella scalp rata m. rhombothoracata,
Wu et aI., pI. 2, fig. 10;
1998. Pseudoalbaillella scalprata m. rhombothoracata,
Xian and Zhang, pI. 2, figs. 10-12.
2004. Pseudoalbaillella scalprata m. rhombothoracata,
Hori, pI. 1, fig.7.
Remarks: This species is characterized by having a
rhombohedral pseudothorax and a cylindrical
pseudoabdomen. Pseudoabdomen curves slightly and
apertural margin faces toward the ventral side. The ratio of
the height of wing-pit to pseudoabdomen is a range of 3/25
to 9/25. The ratio of the height of pseudoabdomen to the
sum of pseudoabdomen and pseudothorax is a range of 2/5
to 14/25.
Measurements: Based on 65 specimens from R1740 and
R1738. See Table 4.
Occurrence: This species occurred from the
Pseudoalbaillella rhombothoracata Zone. This species
rarely occurred from R1731 and RI720-R1718.
Pseudoalbaillella sp. A
(Plate 1, Figs. 3-4)
Remarks: Pseudoabdomen is long, consisting of 3 or 4
segments. This species resembles Pseudoalbaillella nodosa
Table 4 The number of specimens, maximum, minimum, mean
and standard deviation of P. rhombothoracata from
R1740 and R1738.
R1740 RJ738
n Max Min Mean S.D. n Max Min Mean SD.
TH 24 128.0 75.7 96.88 11..8 35 163.0 75.7 125.0 26.9
TW 26 148.4 72.8 119.4 16.0 35 ]63.0 93.1 143.4 19.1
AH 27 ]28.0 69.8 91.0 12.4 38 183.3 69.8 125.3 32.7
AW 27 87.3 52.4 73.6 8.9 38 80.6 52.4 80.6 11.7
WP 21 46.6 17.5 31.2 8.4 32 46.6 11.6 26.8 10.3
Ishiga, but differs from it in having a clear constriction
between pseudothorax and pseudoabdomen.
Occurrence: This species occurred from R1746 (the
Pseudoalbaillella u-forma I Zone).
Pseudoalbaillella sp. B
(Plate 2, Figs. 4-5)
Remarks: This species is identified by having a inflated
pseudothorax and a shorter pseudoabdomen. Two
shoulders of dorsal wing and ventral wing are rounded.
This species differs from Pseudoalbaillella scalprata in
having larger wing-pits and clear constrictions.
Occurrence: This species occurred from the upper part of
the Pseudoalbaillella rhombothoracata Zone and the lower
part of the Pseudoalbaillella sp. C Zone. This species
occurred in three horizons; R1734, R173l and RI7l9.
Pseudoalbaillella sp. C
(Plate 2, Figs. 15-16)
Remarks: Pseudothorax is inflated. Shoulder of dorsal
wing is convex and that of ventral wing is concave. The
base of ventral wing is higher than that of dorsal wing.
This species resembles Pseudoalbaillella scalprata, but
differs it in asymmetriy in the base of wings and having a
longer pseudoabdomen.
Occurrence: This species occurred from the
Pseudoalbaillella sp. C Zone.
Pseudoalbaillella sp. D
(Plate 2, Figs. 17-18)
Remarks: This species is identified by having a slender
figure. Pseudothorax is isosceles triangular in outline. The
two shoulders form an angle less than 45°. Wing-pits are
very small. Pseudoabdomen is as long as pseudothorax.
This species differs from Pseudoalbaillella scalprata in
having a longer pseudoabdomen and from Pseudoalbaillella
postscalprata in having a triangular pseudothorax and
smaller wing-pits.
Occurrence: This species occurred from the
Pseudoalbaillella sp. C Zone.
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Plate 1 Scanning photomicrographs of Early Permian radiolarians from the Migong section,
Guangxi, South China.
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Figs. 8-9
Figs. 10-11
Figs. 12-13
Figs. 14-15
Figs. 16-18
Fig. 19
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Fig. 24
Pseudoalbaillella bulbosa Ishiga, R1746
Pseudoalbaillella sp. A, R1746
Pseudoalbaillella chilensis Ling and Forsythe, R1746
Pseudoalbaillella elegans Ishiga and Tmoto, R1746
Pseudoalbaillella £I-forma m. I Holdsworth and Jones, 8:R1746, 9:R1745
Pseudoalbaillella £I-forma m. II Holdsworth and Jones, 1O:R1745, 1l:R1744
Pseudoalbaillella lomentaria Ishiga and Imoto, R1743
Pseudoalbaillella sakmarensis (Kozur), l4:R1743, 15:R1734
Pseudoalbaillella scalprata Holdsworth and Jones, 16:R1743, 17-18:R1740
Pseudoalbaillella ornata Ishiga and Tmoto, R1737
Pseudoalbaillella postscalprata Ishiga, 20:R1734, 2l:R1740
Pseudoalbaillella rhombothoracata Ishiga and Irnoto, 22:R1737, 23:R1738
Pseudoalbaillella sp. cf. P. ornata Ishjga and Irnoto, R1741
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Plate 2 Scanning photomicrographs of Early - Middle Permian radiolarians from the Migong section, Guangxi,
South China.
Fig. 1
Figs. 2-3
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Figs. 7-10
Figs. 11-12
Figs. 13-14
Figs. 15-16
Figs. 17-18
Figs. 19-20
Figs. 21-22
Albaillella sinuata Ishiga and Watase, RI725
Albaillella xiaodongensis Wang, 2:R 1735, 3:R 1725
Pseudoalbaillella sp. B, 4:R1734, 5:R1719
Pseudoalbaillella sp., R 1713
Pseudoalbaillella longtanensis Sheng and Wang, 7-8: RI728 (8: lateral view of 7), 9-10:
R 1725 (10: lateral view of 9)
Pseudoalbaillella sp. aff. P. longtanensis Sheng and Wang, Rl725 (12: lateral view of 12)
Pseudoalbaillella banchengensis Xian and Zhang, l3:R1728, 14:R1718
Pseudoalbaillella sp. C, 15: R1719, l6:R1713
Pseudoalbaillella sp. D, 17: R17l3, 18:R1716
Latentifistula? sp., 19: R1746, 20:R1735
Ruzhencevispongidae gen et sp_ indet., R1738
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